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6RFLDO QHWZRUNV DUH D QHZ SKDVH LQ KXPDQ LQWHUDFWLRQ XVLQJ
WHFKQRORJ\ WR FRQQHFW SHRSOH RQOLQH WKH VRFLDO QHWZRUNV RI WRGD\ KDYH
EHFRPH D FHQWUDO SDUW RI WKH OLYHV RI PLOOLRQV RI SHRSOH 3HRSOH XVH VRFLDO




XVLQJVRFLDOQHWZRUNV LWKDVEHFRPHPRUH LPSRUWDQWQRZWRXQGHUVWDQG WKH
LQQHU VWUXFWXUHV RI VRFLDO QHWZRUNV DQG XQGHUVWDQG KRZ WKH UHODWLRQVKLSV
EHWZHHQXVHUVDUHIRUPHGDQGZKDWPDNHVWKHVHUHODWLRQVKLSVLPSRUWDQW
,Q WKLV SDSHU ZH WDNH D ORRN DW YDULRXV VLPSOH VFRUH FDOFXODWLRQ
VFKHPHVE\ZKLFKZH FDQ VFRUH DQG FODVVLI\ XVHUV EDVHGRQ WKHLU SRVLWLRQ
DQG WKHLU DFWLRQV LQ WKH VRFLDO QHWZRUN:H DOVR SURYLGH DQ DSSOLFDWLRQ WKDW







































































































6RFLDO QHWZRUNVKDYHFRPHD ORQJZD\7KH\PLJKW KDYHEHHQXVHG
IRUVLPSOHPHVVDJLQJDQGJURXSGLVFXVVLRQVXQWLODIHZ\HDUVEDFNEXWWRGD\
WKH\KDYHJURZQVRFRPSOH[WKDWWKH\DUHOLWHUDOO\FDSDEOHRIWUDFLQJ\RXUOLIH
2WKHU WKDQ NHHSLQJ D UHFRUG RI RXU SHUVRQDO LQIRUPDWLRQ OLNHV DQG GLVOLNHV
DQG IULHQGV VRFLDO QHWZRUNV KROG RSLQLRQV DQG WKRXJKWV WKDWZH VRPHWLPHV
FKRRVHWRVKDUHLQWKHIRUPRIVWDWXVPHVVDJHVLPDJHVHWF
$OOWKLVGDWDDOORZVXVWRWDNHDFORVHUORRNDQGXQGHUVWDQGWKHQDWXUH
DQG GHSWK RI UHODWLRQVKLS EHWZHHQ WZR LQGLYLGXDOVPLJKW KDYH )XUWKHUPRUH
WKLVGDWDJLYHVXVDQ LQVLJKW LQWRKRZSHRSOHXVHVRFLDO QHWZRUNVDQGZKDW
IDFWRUV DUH LQYROYHG LQ VKDSLQJ WKH VWUXFWXUH RI WKH VRFLDO QHWZRUN 6RFLDO
QHWZRUNVFDQEH UHSUHVHQWHGDVJUDSKVDQGZHQHHG WR ILJXUHRXWKRZ WKH






7KH JRDO RI WKLV SDSHU LV WR ILQG ZD\V RI KRZ ZH FDQ LGHQWLI\ ZKDW
HOHPHQWVDUH UHVSRQVLEOH IRU WKHVWUXFWXUHRIVRFLDOJUDSKVRIQRQWUDGLWLRQDO
DQGFRPPHUFLDOVRFLDOQHWZRUNV:HEHOLHYHWKDWVRFLDO LPSRUWDQFHRIDFWRUV
QRGHVGLFWDWHKRZLWLVSRVLWLRQHGLQDQHWZRUNDQGWKHNLQGRIUHODWLRQVKLSV
























































WU\ WR YLVXDOO\ FRQFHLYHD VRFLDO QHWZRUN WKHDFWRUV RU XVHUV LQ WKHQHWZRUN
FDQEHUHSUHVHQWHGDVQRGHV LQDJUDSK7KH OLQNVRU UHODWLRQVKLSVEHWZHHQ




 UHODWLRQVKLS 8VHU D LV FRQQHFWHG WR XVHU E F DQG G 8VHU E LV
FRQQHFWHGWRDDQGFFLVFRQQHFWHGWRDDQGEDQGGLVFRQQHFWHGWRDRQO\
7RGLVSOD\WKLVLQIRUPDWLRQYLVXDOO\ZHZRXOGKDYHQRGHVRUYHUWLFHVIRUHDFK
DFWRU DQG WKH LVDIULHQG UHODWLRQVKLS ZRXOG EH UHSUHVHQWHG E\ GUDZLQJ DQ




,Q VRFLDO QHWZRUNV WKH FRQQHFWLRQ EHWZHHQ WZR SHRSOH FDQ EH
UHSUHVHQWHGXVLQJELQDU\ UHODWLRQV%LQDU\5HODWLRQVSURYLGHDPDWKHPDWLFDO




WR \ LQ JUDSKLFDO ODQJXDJH [  ! \ DUH HTXLYDOHQW >@ 7KLVPHDQV WKDW D
ELQDU\UHODWLRQEHWZHHQWZRVHWV;DQG<LVDVXEVHWRI;[<ZKLFKJLYHVDOO




6LQFH JUDSKV FDQ EH XVHG WR VKRZ SDLUZLVH UHODWLRQVKLSV ZH FDQ
UHSUHVHQW ELQDU\ UHODWLRQV LQ WHUPV RI JUDSKV *UDSKV FDQ KDYH DQ LQILQLWH
QXPEHURISDWKVEHWZHHQ WKHYHUWLFHV ,QRUGHU WR WUDYHUVH WKHVHSDWKVRQH
FDQJRLQWRDQLQILQLWHORRSDVWKHUHDUHPDQ\UHFXUVLRQVRYHUWKHVDPHSDWKV
RYHUDQGRYHUDJDLQ ,IZH ORRNDWDOO WKHSRVVLEOHQXPEHURISDLUV WKDW FDQ
EH IRUPHG LQ D QHWZRUN WKH QXPEHU LV HTXLYDOHQW WR 1[1 ZKHUH 1 LV WKH
QXPEHURIXVHUVLQWKHQHWZRUN7KLV LVEHFDXVHHDFKXVHU LVDEOHWRIRUPD
FRQQHFWLRQZLWKDOOXVHUVLQFOXGLQJLWVHOI
$V FDQ EH LPDJLQHG WKLV JLYHV XV D YHU\ ODUJH VHW RI RUGHUHG SDLUV
ZKHUH RQO\ D VXEVHW RI RUGHUHG SDLUV DUH RI YDOXH DQG UHSUHVHQW µUHDOOLIH¶
FRQQHFWLRQV ,Q VRFLDO QHWZRUNV ZH DUH FRQFHUQHG ZLWK RQO\ WKH LPSRUWDQW
OLQNV LQ WKHVRFLDOJUDSK WKDW LVZHZDQWDVXEVHWRI WKH1 UHODWLRQV LQ WKH
XQLYHUVDO VHW %\ LPSRUWDQW ZH PHDQ OLQNV WKDW KDYH DQ LQWXLWLYH PHDQLQJ
DQG UHSUHVHQW D UHDO ZRUOG UHODWLRQVKLS EHWZHHQ WZR XVHUV 7KH VHW RI DOO
WKH SRVVLEOH SDWKV LQ D VRFLDO QHWZRUN LV WKH 8QLYHUVH RI 'LVFRXUVH RI RXU
WRSLF+HUHDSDWKZHPHDQDEDJ>@RIFRQQHFWHGHGJHV$JUDSKELQDU\
UHODWLRQ FDQ KDYH DQ LQILQLWH QXPEHU RI SDWKV ,Q RUGHU WR WUDYHUVH WKH






ZRXOG KDYH WZR GLIIHUHQW VXEVHWV IRU )DFHERRN DQG 7ZLWWHU 7KH
FODVVLILFDWLRQV DQG UHODWLRQV LQ WKHVH VXEVHWV GHSHQG RQ WKH LGHQWLI\LQJ
SURSHUWLHVRUUHODWLRQVKLSVLQHDFKVRFLDOQHWZRUN7KLVPHDQVWKDWZHORRNDW









1RWH WKDW WKH QHLJKERUKRRG9QHHG QRW EH DQ RSHQ VHW LWVHOI
,I9LV RSHQ LW LV FDOOHG DQRSHQ QHLJKERUKRRG >@ 7KH FROOHFWLRQ RI DOO
QHLJKERUKRRGVRIDSRLQWLVFDOOHGWKHQHLJKERUKRRGV\VWHPDWWKHSRLQW>@
,QWKLVSDSHUZHDSSO\WKHFRQFHSWRIQHLJKERUKRRGV\VWHPWRDELQDU\
UHODWLRQ 5 QDPHO\ DW HDFK SRLQW ZH DVVLJQ RQO\ RQH VXEVHW WKDW FDQ EH
DQ HPSW\ VHW >@ $ ULJKW QHLJKERUKRRG RI D SRLQW S LV DVHWFRQWDLQLQJ







FDQ EH LQWHUSUHWHG DV WKH ULJKW DQG OHIW QHLJKERUKRRG  ,W FDQ GHWHUPLQH D
ELQDU\UHODWLRQ
5 ^S[_S8[1S`RU/ ^\S_S8\1S`





,I ZH ORRN DW WKH UHVXOWLQJ GDWD IURP OHIW DQG ULJKW QHLJKERUKRRGV
ZH FDQ VHH WKDW WKHVH DUH ERWK HTXDO WR WKH LQGHJUHH DQG RXWGHJUHH RI
ELQDU\ UHODWLRQV 7KXVZH FDQ VHH WKDW VRFLDO JUDSKV FDQ EH JLYHQ D YLVXDO












SRVLWLRQ RI WKH LQYROYHG YHUWLFHV RQ WKH LQGLFHV 7KH FKRLFH RI D[LV XVHG WR
VKRZDFRQQHFWLRQIRUWZRQRGHVGHSHQGVRQWKHGLUHFWLRQRIWKHOLQNEHWZHHQ
WKHP :KHQ ZH
UH WDONLQJ DERXW VRFLDO QHWZRUNV WKH OLQN UHSUHVHQWV WKH
UHODWLRQVKLSEHWZHHQWKHQRGHVRUDFWRUVLQWKHVRFLDOQHWZRUN7KHGLUHFWLRQ
RIWKHOLQNZRXOGUHSUHVHQWWKHIORZRIGDWDIURPRQHXVHUWRDQRWKHU




XVHU$ WRXVHU%2Q WKHJUDSK WKHZKROHXVHUVHW LVVKRZQRQ WKHJULGVR










WKH WZRZRXOGEHVKRZQE\SXWWLQJDGRWRQ WKHSRVLWLRQ$%RQ WKHJUDSK
SODQILJXUH,QWKLVDUUDQJHPHQWWKHGDWDLQLWLDWRULVRQWKH[D[LVDQGWKH
UHFHLYHULVRQWKH\D[LV
6LPLODUO\ LI& LVFRQQHFWHG WR% &!% WKHQ WKHGRW UHSUHVHQWLQJ WKLV
OLQNLVDWSRLQW&%
/RRNLQJDW ILJXUH LIZHDUH WR ILQG WKH ,QGHJUHHRIDXVHUEDVHGRQ
WKHJUDSKDYHUWLFDOOLQHGUDZQRQWKH[D[LVIRUDSDUWLFXODUXVHUJLYHVXVWKH
,QGHJUHHRI WKDWXVHU ,QRWKHUZRUGVVHWRIDOO FRQQHFWLRQV WKDWDXVHUKDV
ZKHUHWKHXVHULVWKHVRXUFHRIGDWDLVFDOOHGWKH,QGHJUHHRIWKDWXVHU7KLVLV
DOVRWKHOHIWQHLJKERUKRRG



















7KH ELQDU\ QHLJKERUKRRG V\VWHP LQGXFHG E\ DQ HTXLYDOHQFH UHODWLRQ
SDUWLWLRQV D VHW LQWR GLVMRLQW QHLJKERUKRRGV ,Q VXFK D FDVH WKH ULJKW
QHLJKERUKRRG LV HTXDO WR WKH OHIW QHLJKERUKRRG DQG LV FDOOHG HTXLYDOHQFH
FODVVHV$OO WKHHOHPHQWV LQDJLYHQHTXLYDOHQFHFODVVDUHHTXLYDOHQWDPRQJ
WKHPVHOYHV DQGQRHOHPHQW LV HTXLYDOHQWZLWKDQ\HOHPHQW IURPDGLIIHUHQW
FODVV,IZHORRNDWWKHVHSURSHUWLHVLQYLHZRIFXUUHQWVRFLDOQHWZRUNVZHDUH
DEOHWRLGHQWLI\JURXSVRIHTXLYDOHQWRULGHQWLFDOXVHUV7KHVHLGHQWLFDOJURXSV










)DFHERRN XVHUV FDQ EH FRQQHFWHG WKURXJK YDULRXV UHODWLRQVKLSV
KRZHYHU DOO WKH FRQQHFWLRQV LQ )DFHERRN DUH ELGLUHFWLRQDO LQ QDWXUH $







)DFHERRN FOHDUO\ GRHV QRW VWULFWO\ IROORZ WKH WUDQVLWLYH SURSHUW\ DV
XVHUVPD\ RUPD\ QRW EH IULHQGV RI WKHLU IULHQGV $V IRU UHIOH[LYH DOO XVHUV
DUHWKHLURZQIULHQGVDVWKH\KDYHDFFHVVWRDOOWKHGDWDWKDWWKHIULHQGVKDYH















1HLWKHU RI WKHVH SURSHUWLHV DUH V\PPHWULF DV QRQH UHTXLUH WKH RWKHU
RQH WR EH YDOLG IRU D VHW RI XVHUV $OVR QHLWKHU RI WKH UHODWLRQVKLSV DUH

























7KHVH DWWULEXWHV JLYH XV LQGLFDWRUV RI ZKDW IDFWRUV DIIHFW KRZ VRFLDO
JUDSKV DUH ODLG RXW ,W LV VHHQ LQ D )DFHERRN VWXG\ >@ WKDW SHRSOH WHQG
WR µIROORZ¶ RU FRQQHFW WR SHRSOH WKDW WKH\ IHHO FORVH WRR 7KH FORVHQHVV
EHWZHHQ WZRQRGHVRUDFWRUV FDQEHH[SUHVVHG LQKRZ LPSRUWDQWRQHQRGH
WKLQNVWKHRWKHULV$QDFWRU[FRQQHFWVWRDFWRU\EDVHGRQWKHLPSRUWDQFHRI
DFWRU\LQWKHVRFLDOFLUFOHRUQHWZRUNRIDFWRU[$FWRU\RQWKHRWKHUKDQGFDQ
EHORQJ WRPXOWLSOHVXEQHWZRUNVEDVHGDURXQG LGHQWLI\LQJDWWULEXWHV JHQGHU
DJH UDFH UHOLJLRQHWFDQGFDQKDYHVLPLODUFRQQHFWLRQV WRQRGHV LQ WKHVH
QHWZRUNVDQGLQWXUQKDYHDFHUWDLQLPSRUWDQFHDVVRFLDWHGZLWKWKHVHQRGHV
6R LW ZRXOG EH VDIH WR VD\ WKDW DFWRU \ FDUULHV DQ DFFXPXODWHG LPSRUWDQFH
UDWLQJZKLFKGHWHUPLQHVLWVSRVLWLRQLQWKHVRFLDOQHWZRUN7KHPRUHLPSRUWDQW
RU SUHVWLJLRXV DFWRU \ JHWV WKH PRUH VLJQLILFDQW LW EHFRPHV LQ VKDSLQJ WKH
VWUXFWXUHRIWKHVRFLDOJUDSKDQGWKHFRQQHFWLRQVRILWVGLUHFWQHLJKERUV
6LJQLILFDQFH RI D QRGH LQ WKH JUDSK FDQ EH H[SODLQHG ZLWK WZR







1XPHURXV PHWKRGV WR PHDVXUH FHQWUDOLW\ KDYH EHHQ SURSRVHG
7KH PHWKRG XVHG WR FDOFXODWH RU JHW D TXDQWLWDWLYH DQDO\VLV RI FHQWUDOLW\
IRU D QHWZRUN GHSHQGV RQ WKH W\SH RI IORZ SURFHVVHV WKDW DUH LQYROYHG LQ
WKH V\VWHP )ORZ SURFHVVHV LQGLFDWH WKH QDWXUH RI WKH GDWD WKDW LV EHJLQ
WUDQVIHUUHG EHWZHHQ QRGHV 7KH PHDVXUH RI WKH FHQWUDOLW\ LV EDVHG RQ WKH
FKDUDFWHULVWLFVRIWKHVHSURFHVVHV
)RU H[DPSOH VRPH PHDVXUHV VXFK DV )UHHPDQ¶V FORVHQHVV DQG
EHWZHHQQHVV )UHHPDQ  FRXQW RQO\ JHRGHVLF SDWKV DSSDUHQWO\
DVVXPLQJ WKDW ZKDWHYHU IORZV WKURXJK WKH QHWZRUN PRYHV RQO\ DORQJ




FRXQW ZDONV ZKLFK DVVXPH WKDW WUDMHFWRULHV FDQ QRW RQO\ EH FLUFXLWRXV
EXW UHYLVLW QRGHV DQG OLQHV PXOWLSOH WLPHV DORQJ WKH ZD\ 5HJDUGOHVV RI
WUDMHFWRU\ VRPH PHDVXUHV HJ EHWZHHQQHVV DVVXPH WKDW ZKDW IORZV


























 'HWHUPLQHV WKH LPSRUWDQFH RI DQ DFWRU EDVHG RQ KRZ PDQ\ GLUHFW
QHLJKERUVLWKDVRXWRIWKHZKROHQHWZRUN,WFDQDOVREHGHILQHGDVKRZPDQ\

















7KLV LV D PHDVXUH RI KRZ FORVH QRGHV LQVLGH WKH QHWZRUN DUH WR D
SDUWLFXODUQRGH >@7KH3UR[LPLW\3UHVWLJHXVHV WKHJUDSKGLVWDQFHEHWZHHQ
QRGHVLQWKHQHWZRUN$FWRUVDUHMXGJHGWREHSUHVWLJLRXVEDVHGRQKRZFORVH
RUSUR[LPDWH WKHRWKHUDFWRUV LQ WKH VHW RI DFWRUVDUH WR WKHP7KHSUREOHP
ZLWKSUR[LPLW\SUHVWLJHLVWKDWLWGRHVQRWWDNHLQWRDFFRXQWWKHLPSRUWDQFHRI










 7KLV FDWHUV WR WKH SUREOHP ZLWK 3UR[LPLW\ 3UHVWLJH 7KH SUHVWLJH
GHSHQGVQRWRQO\RQWKHGLVWDQFHRQWKHJUDSKEHWZHHQWKHGLIIHUHQWQRGHV
EXWDOVRRQ WKH LQGLYLGXDO UDQNLQJRI WKHQRGHV WKDWDUHEHLQJFRQVLGHUHG LQ
WKHQHWZRUN ³,W¶VQRWZKDW\RXNQRZEXWZKRP\RXNQRZ´ >@7KH3UHVWLJH
RU LPSRUWDQFH RI D QRGH VKRXOG GHSHQG RQ WKH TXDQWLW\ DQG TXDOLW\ RI WKH
FRQQHFWLRQVDQGQHLJKERUV LW KDV LQ WKHQHWZRUN7KHTXDQWLW\ LV D FRXQW RI
WKHQXPEHURIFRQQHFWLRQVZKHUHDVWKHTXDOLW\FDQEHDWWULEXWHGWRDQXPEHU




,Q WKLV VHFWLRQ ZH ORRN DW 3HUVRQ DQG ,QWHUDFWLRQ VFRUH 7KH 3HUVRQ
VFRUHLVEDVHGRQWKHXVHU¶VSRVLWLRQLQWKHQHWZRUNDQGUHSUHVHQWVWKHVFRUH
RIWKHXVHUZLWKUHVSHFWWRRWKHUXVHUVLQWKHQHWZRUNZKHUHDVWKH,QWHUDFWLRQ
6FRUH JLYHV XV D VFRUH RU QXPHULFDO FODVVLILFDWLRQ RI XVHUV EDVHG RQ WKH






,Q WKLVVHFWLRQZH ORRNDWKRZWKH LPSRUWDQFHRIDQDFWRU LQ WKHQRGH
FDQ EH FDOFXODWHG XVLQJ D VLPSOH VFKHPH ,PSRUWDQFH RU SURPLQHQFH RI
DQ DFWRU FDQ EH GHWHUPLQHG E\ KRZPDQ\ FRQQHFWLRQV DQ DFWRU KDV LQ WKH
QHWZRUN LH WKH 
GHJUHH
 RI WKH QRGH 7KH GHJUHH RI D QRGH VXUHO\ JLYHV
LQGLFDWLRQV RI LWV GRPLQDQFH LQ WKH QHWZRUN EXWZKHQZH WDON DERXW µVRFLDO¶
QHWZRUNV , EHOLHYH WKDW QRW RQO\ WKH QXPEHU RI FRQQHFWLRQV EXW DOVR WKH
W\SHRIFRQQHFWLRQVVKRXOGEHWDNHQLQWRDFFRXQW6LQFHWKHQRGHEHORQJVWR
VHYHUDOVXEQHWZRUNVWKHµLPSRUWDQFHUDWLQJ¶GHVFULEHGDERYHWKDWWKHQRGH






+RZHYHU HDFKQHLJKERUKDVPXOWLSOH FRQQHFWLRQVDQG LW FRQWULEXWHVHTXDOO\









XVHG WR LQGH[ZHESDJHV WRVKRZPHDQLQJIXO UHOHYDQWDQGHIIHFWLYHVHDUFK
UHVXOWVWRXVHUVXVLQJVHDUFKHQJLQHV















$V PHQWLRQHG LQ WKH 3HUVRQ 6FRUH VHFWLRQ WKH FDOFXODWLRQ RI WKH
3HUVRQ6FRUHRIDSHUVRQQRGHGHSHQGVRQWKHVFRUHRI WKHQHLJKERUV7KH
VFRUHRI WKRVHQRGHVGHSHQGVRQ WKH VFRUHVRI WKHLU QHLJKERUV7KLVZRXOG


NHHS RQ JRLQJ LQ D ODUJH QHWZRUN :KHQ RXU QHWZRUN LV UHSUHVHQWHG E\ D
JUDSKVWUXFWXUHZHZRXOGQHHGWRKDYHDVWDUWSRLQWDQGZLOOKDYHWRDVVLJQ
VRPH IL[HG YDOXH WR VRPH QRGHV WR JLYH WKH QHWZRUN VFRUH SURSDJDWLRQ





WKURXJK WKH VRFLDO JUDSK ZHPLJKW IDFH LQILQLWH UHFXUVLRQV DQG LWPLJKW EH
GLIILFXOWWRFRQYHUJHWKHJUDSKWRDVWDEOHVWDWH+RZHYHUUHODWLYHO\IHZQRGHV
WDNHDPXFK ORQJHU WLPH WRFRQYHUJH)XUWKHUPRUH LW LVREVHUYHG WKDW WKHVH
VORZFRQYHUJLQJ QRGHV DUH JHQHUDOO\ WKRVH QRGHV ZLWK D KLJK VFRUH >@ ,Q














,Q WKH DERYH H[SHULPHQW ZH ORRNHG DW D VLPSOH ZD\ WR LGHQWLI\
LPSRUWDQW SHRSOH LQ WKH QHWZRUN 2XU DSSURDFK LV EDVHG RQ WKH FRQFHSW
RI FRQQHFWLRQV WKDW SHRSOH KDYH ZLWK RWKHU SHRSOH :H FDQ VHH WKDW WKLV
DSSURDFK LV VLPLODU WR WKH 3DJH5DQN DOJRULWKP WKDW LV XVHG E\ *RRJOH
V
VHDUFK HQJLQH WR LQGH[ ZHE SDJHV DFFRUGLQJ WR WKHLU LPSRUWDQFH 7KH
LPSRUWDQFH RI WKH ZHE SDJHV LV GHSHQGHQW RQ WKH LQFRPLQJ DQG RXWJRLQJ




QRW JLYH XV D YHU\ PHDQLQJIXO UHVXOW 7KLV LV EHFDXVH ZH FDQQRW FRPSDUH
WKHSHRSOH LQVRFLDOQHWZRUNV WRZHESDJHV LQ WKH:RUOG:LGH:HE3HRSOH
KDYH D QXPEHU RI GLIIHUHQW SURSHUWLHV DQG FRQQHFWLRQV W\SHV ZKLFK GHILQH
WKHLU SRVLWLRQ DQG LQIOXHQFH LQ WKH QHWZRUN ,Q RXU 3URIHVVRUV H[SHULPHQW
WKHVH SURSHUWLHV FDQ EH VXFK DV GLIIHUHQW SURIHVVRUV KDYH FRQWULEXWHG WR
PXOWLSOH ILHOGV WKH\ KDYH GLIIHUHQW OHYHOV RI LPSRUWDQFH LQ GLIIHUHQW VHFWRUV
RU WKHLU IRFXV DUHD LV PRUH VSHFLDOL]HG $OVR IDFWRUV VXFK DV WLPH HUDV RI
WKHLU UHVHDUFK WHFKQRORJ\ SURYHQ IDFWV LPSRUWDQFH RI UHVHDUFK RQ IXWXUH
LPSURYHPHQWV QDWXUH RI UHVHDUFK HWF DOO FDQ EH XVHG WR EHWWHU LGHQWLI\ D
XVHU







WRKDQGOHSULYDF\SROLFLHVZLWKLQQHWZRUNV 8VHUPD\KDYHD ORWRI UHODWLRQV
LQWKHQHWZRUNEXWWKDWGRHVQRWPHDQWKDWWKHXVHUZRXOGZDQWWRVKDUHDOORI
WKHLU LQIRUPDWLRQZLWKDOO WKHXVHUV LQ WKHLUQHWZRUN7KLVFDQDOVREHDSSOLHG
ZKHQUHFHLYLQJGDWD$SHUVRQPLJKWKDYHVRPHRQHLQWKHLUQHWZRUNEXWPLJKW
QRWZDQW WR UHFHLYH DQG NLQG RIPHVVDJHV IURP WKDW XVHU 7KLV LV VLPLODU WR
VSDP 6R D VROXWLRQ WR WKH SULYDF\ SUREOHP FRXOG EH D SRVVLEOH VROXWLRQ WR


VSDP ZKHUH \RX RQO\ UHFHLYH GDWD RUPHVVDJHV IURP SHRSOH WKDW \RX DUH
IULHQGOLHUZLWK






7R KDQGOH WKH SULYDF\ LVVXHZH UHTXLUH DPHFKDQLVP WR LGHQWLI\ DQG
FODVVLI\SHRSOHLQWKHQHWZRUNVRWKDWZHKDYHDFRQWUROOHGIORZRILQIRUPDWLRQ
7KLVPHDQV WKDW LIZHDUHDEOH WR LGHQWLI\ WKH LPSRUWDQWFURZQ IURP WKHQRW
VRLPSRUWDQWFURZGZHZRXOGEHDEOH WREHWWHUKDQGOH WKHSUREOHPRIVSDP
LQIRUPDWLRQ DQG FRQWURO VHQVLWLYH LQIRUPDWLRQ PRUH HIILFLHQWO\ 7KLV WRSLF
KDV EHHQ GLVFXVVHG E\ )HOL[ :X DQG /HURQH %DQNV DW 8& 'DYLV ZKHUH
WKH\ SURSRVHG D ZD\ WR PHDVXUH WKH LQWHUDFWLRQV EHWZHHQ XVHUV LQ VRFLDO
QHWZRUNV,IXVHU$KDVXVHU%DQG&DVIULHQGVWKHEHWWHURIWKHWZRIULHQGV
ZRXOG EH WKH RQH ZKR LQWHUDFWV ZLWK XVHU $ WKH PRVW ,W ZRXOG EH VDIH WR
DVVXPH WKDWXVHU$ZRXOG WUXVW WKHXVHUKH LQWHUDFWVZLWKPRUHPRUH6R LI
VD\XVHU%LVDEHWWHUIULHQGZHZRXOGVHHPRUHLQWHUDFWLRQVEHWZHHQLWDQG
XVHU$7KH µLQWHUDFWLRQV¶FDQUHIHU WRGLIIHUHQWDFWLRQVRQGLIIHUHQWQHWZRUNV
2Q )DFHERRN LW FRXOG EH SRVWLQJ RQ D XVHU¶V :DOO WDJJLQJ SKRWRV RI WKH
XVHURUPHVVDJHVEHWZHHQWKHXVHUV2Q7ZLWWHULWFRXOGEH'LUHFW0HVVDJHV
EHWZHHQ XVHUV RU WKH QXPEHU RI WLPHV D XVHU UHWZHHWV RWKHU XVHU¶V WZHHWV


)HOL[ :X HW DO >@ DOVR PHQWLRQ DQRWKHU VWHS LQ DGGLWLRQ WR WKH LQWHUDFWLRQ
FODVVLILFDWLRQ 7KH\ DOVR DGG D TXHVWLRQQDLUHVXUYH\ DV SDUW RI WKH WKHLU
DQDO\VLVZKLFKDVNVWKHVRFLDOQHWZRUNXVHUTXHVWLRQVUHJDUGLQJZKDWSURILOH
LQIRUPDWLRQ ZRXOG WKH\ ZDQW WKHLU SDUWLFXODU JURXS RI IULHQGV WR VHH 7KHVH
JURXSV DUH IRUPHG DIWHU WKH LQWHUDFWLRQ LQWHQVLW\ SKDVH LV FRPSOHWHG DQG
IULHQGVDUHJURXSHGWRJHWKHUEDVHGRQWKHLULQWHUDFWLRQRUIULHQGVKLSOHYHOV
$VDPSOHTXHVWLRQQDLUHFRXOGEH








 $IILOLDWLRQV )ULHQGV OLVW JURXSV MRLQHG SDJHV DGGHG DSSOLFDWLRQV
DGGHGH[WHUQDOHYHQWVDWWHQGHG
 $OO FRQWHQWXSORDGHG SLFWXUHV SLFWXUHV WDJJHG ZLWK XVHU FRPPHQWV
HYHQWVSRVWHGOLQNVVWDWXVXSGDWHV>@




:LWK DQ ,QWHUDFWLRQ 6FRUH WKDW ZH FDQ XVH WR DGG LPSRUWDQFH WR D
GLUHFWHGOLQNZHDUHLQDIIHFWDGGLQJWRWKHTXDOLW\RIWKHOLQN&ODVVLILFDWLRQRI
WKHVFRUHVFDQEHXVHGWRFODVVLI\XVHU LQJURXSVRUVHSDUDWHµJRRG¶IULHQGV
IURP µEDG¶ IULHQGV ,W KDV WR EH HPSKDVL]HG WKDW WKH DSSURDFK PHQWLRQHG
DERYHGHDOVZLWKVFRULQJLQDXVHU¶VQHWZRUNDQGQRWZKROHODUJHUQHWZRUNV
,W LV WHFKQLFDOO\ GLIILFXOW WR JDWKHU LQIRUPDWLRQ DERXW XVHU¶V LQWHUDFWLRQV IURP
D VRFLDO QHWZRUN )DFHERRN GRHV QRW PDNH WKLV LQIRUPDWLRQ DYDLODEOH WR
GHYHORSHUV2QHFDQJHWOLPLWHGLQIRUPDWLRQVXFKDVWKHQDPHRIIULHQGVDQG
SKRWR WDJV EXW QRW LQIRUPDWLRQ VXFK DV ZDOO SRVWV DQG SULYDWH PHVVDJHV




(DFK XVHU ZRXOG KDYH DQ ,QWHUDFWLRQ 6FRUH ZLWK LWV QHLJKERU 7KH

























7KHUHPLJKWEHHYHQPRUH IRUPVRI LQWHUDFWLRQ WKDWFDQEHPHDVXUHG
LQ)DFHERRNWKHVHW\SHVNHHSRQFKDQJLQJV)DFHERRNHYROYHV0RVWRIWKH
LQIRUPDWLRQPHQWLRQHG LQ WKH OLVW DV PHQWLRQHG DERYH FDQQRW EHPHDVXUH
E\ VRXUFHV RXWVLGH )DFHERRN EHFDXVH WKH FXUUHQW )DFHERRN $3, GRHV QRW
SURYLGHWKDWPXFKGHWDLOLQWKHXVHULQIRUPDWLRQWKDWLWSURYLGHV
+DYLQJ DOO WKH DERYH GLIIHUHQW W\SHV ZH FDQ JHQHUDWH D IRUPXOD WR
FDOFXODWHWKH,QWHUDFWLRQ6FRUHEHWZHHQWZRQRGHV)RUWKHIRUPXODZHKDYH
WR FODVVLI\ WKH LPSRUWDQFHRI HDFKRI WKH LQWHUDFWLRQ IDFWRUVDV FRPSDUHG WR


HDFK RWKHU 7R DFKLHYH WKH EHVW SRVVLEOH UHVXOWV D FORVHU LQVSHFWLRQ RI DOO
WKRVH DFWLRQV ZLOO EH UHTXLUHG WR GHWHUPLQH WKH H[WHQW WR ZKLFK HDFKPLJKW
FRQWULEXWH WR WKH ILQDO DVVHVVPHQW RI UHODWLRQVKLS IRU WKHUH ZRXOG EH VRPH






)RU LQVWDQFH PHVVDJLQJ EHWZHHQ IULHQGV RU WKHLU WDJJLQJ LQ RZQHG
DOEXPVRUVDPHVSRWVRQ3ODFHVDUHKLJKFRQWULEXWRUVVLQFHWKH\ LQGLFDWHRI
D VWURQJHU ERQG0HVVDJLQJ SULYDWH RUZDOO KLQWV WKDW WKH SHUVRQ NHHSV LQ
WRXFKZLWKWKHRWKHULQGLYLGXDOZKLOHFRH[LVWHQFHLQDSLFWXUHRUDORFDWLRQRULQ
SHUVRQDOSKRWRDOEXPVLPSOLHVWKDWWKH\KDQJRXWWRJHWKHUDQGERWKRIWKHVH
DUH VWURQJ LQGLFDWRUVRI DJRRG UHODWLRQVKLS2Q WKHRWKHUKDQGDFWLRQV OLNH
WDJJLQJ IULHQGV LQ SRVWV DQG VWDWXV XSGDWHV DQG FRPPHQWLQJ RQ WKHLU SRVWV
RUSKRWRVVKRXOGVHUYHDVPHGLXPFRQWULEXWRUVVLQFH WKH\RQO\KLQW WKDW WKH
SHRSOHWDJJHGVKDUHFRPPRQLQWHUHVWVZLWKWKHLQGLYLGXDODQGQRWQHFHVVDULO\
VRPHRQHZKRLVFORVH
2WKHU DFWLRQV OLNH UHVSRQVHV WR UHFRPPHQGDWLRQV RU SOD\LQJ VRFLDO
JDPHV VKRXOG EH ORZ FRQWULEXWRUV VLQFH WKH\ KLQW PRUH RI DQ LQGLYLGXDO¶V
SUHIHUHQFHV WKDQ WKHLU UHODWLRQVKLS 6XFK DFWLRQV FDQ DOVR EH FODVVLILHG DV




+DYLQJ VDLG WKDW ZH PRYH WR ZKDW RXU ,QWHUDFWLRQ 6FRUH IRUPXOD
PLJKW ORRN OLNH 7KLV IRUPXOD ZRXOG JHW WKH LQWHUDFWLRQ EHWZHHQ WZR QRGHV
1DQG1$Q LPSRUWDQW IDFWRU WRFRQVLGHU LV WKHZHLJKWDOORFDWLRQ IRUHDFK
LQWHUDFWLRQ$VPHQWLRQHGDERYHQRWDOOWKHLQWHUDFWLRQVZRXOGFDUU\WKHVDPH




,61 1   Z[7SK  Z[7SV  Z[7VW  Z[30  Z[:S  Z[7SO 
Z[&SVZ[&SKZ[*Z[5XZ[5SJ
:KHUHWKHYDOXHIRUZQLV>@
2QH WKLQJ WKDW KDV WREH NHSW LQSHUVSHFWLYHZKHQDVVLJQLQJZHLJKWV
LV WKDW ZH FDQ UXQ LQWR D VFHQDULR ZKHUH WKHUH DUH PDQ\ VD\ ORZ OHYHO
LQWHUDFWLRQVEHWZHHQWZRXVHUVDQGWKH\FRQWULEXWHGRPLQDQWO\ WR WKHRYHUDOO
VFRUH RI WKH UHODWLRQVKLS $ ODUJH QXPEHU RI ORZ OHYHO DFWLRQV HQGLQJ LQ
D ODUJH ,6 GRHV QRW QHFHVVDULO\ PHDQ WKDW WKH UHODWLRQVKLS LV YHU\ VWURQJ
EHWZHHQ WKH XVHUV :H KDYH WR SXW LQ PHDVXUHV WKDW OLPLW VXFK VFHQDULRV
ZKHUH WKH ,6ZRXOGJLYHDZURQJ LQGLFDWLRQ$ZRUNDURXQGWR WKLVZRXOGEH
WRDGGDFHUWDLQVFDOLQJIDFWRUWRHDFKRIRXUDFWLRQOHYHOV7KLVVFDOLQJIDFWRU
ZRXOG EH GHSHQGHQW RQ KRZ LPSRUWDQFH RU KRZ GRPLQDQW D FHUWDLQ JURXS





EHWWHUVFDOLQJPHFKDQLVPWRFRQWURO WR WKH ,6:LWK WKHVFDOLQJ IDFWRU WKH ,6
IRUPXODEHFRPHVIRUPXOD
,61 1   '/Z[$  Z[$  Z[$ «  '0Z[$  Z[$ 
Z[$«'+Z$Z$Z$«
6LQFH ZH DUH WU\LQJ WR JHW WKH RYHUDOO LQWHUDFWLRQ GHJUHH ZH VKRXOG
QRWOLPLWWKHWRWDOVXPRIZHLJKWVLHWKHUHVKRXOGEHQRXSSHUOLPLWWRWKH,6


















7R GHPRQVWUDWH SUDFWLFDO XVHV RI WKH 3HUVRQ 6FRUH ZH FRQGXFWHG
H[SHULPHQWV ZKHUH ZH DVVLJQ YDOXH WR QRGH UHODWLRQV DQG WU\ WR GHGXFW
SDWWHUQV RU LQIRUPDWLRQ IURP WKH UHVXOWLQJ GDWD ,Q WKH ILUVW H[SHULPHQW
ZH GHFLGHG ZH QHHG WR WU\ RXW WKLV DSSURDFK RQ QRQWUDGLWLRQDO DQG QRQ
FRPPHUFLDO VRFLDO QHWZRUNV :H ZDQWHG WR VHH LI ZH FRXOG VWUXFWXUH RU




2XU LQLWLDO VHDUFK IRU UHVHDUFK SDSHUV IRU WKLV UHSRUW OHGPH WRPDQ\
UHVHDUFK WRSLFV DQGSDSHUV UHODWHG WR VRFLDO QHWZRUNV:KHQJRLQJ WKURXJK
VRPH RI WKH UHVHDUFK SDSHUV DQG ERRNV ZH ZRXOG ILQG RXUVHOYHV JRLQJ
WKURXJK WKH SDSHUVDUWLFOHVERRNV WKDW ZHUH PHQWLRQHG DV UHIHUHQFHV LQ





D VRUW QHWZRUNZKHUH WKH SDSHUV WKHPVHOYHV DUH QRGHV LQ WKH QHWZRUN DQG
WKDW WKH UHIHUHQFHVDUHDFWXDOO\ZD\V IRU WKHVHSDSHUV WR OLQN WRHDFKRWKHU
,I ZH WDON DERXW WKHVH SDSHUV LQ WHUPV RI WKH DXWKRUV ZH GHGXFH WKDW WKH
UHIHUHQFHVDUH LQ IDFWZD\V IRUDXWKRUV WRYDOLGDWH WKHLUZRUNDQGJLYHFUHGLW
WR WKHZRUNRI WKHUHIHUHQFHV6R LIZH ORRNDW LWDUHIHUHQFHIURPXVHU$WR
XVHU%ZRXOGPHDQWKDWXVHU$RZHVDSDUWRILWVLPSRUWDQFHWRXVHU%7KLV
ORRNV UHDOO\ VLPLODU WR WKH FRQFHSW EHKLQG 5DQN 3UHVWLJH 7KH FROOHFWLRQ RI








PXVW EH VRPH RI WKHPRVW LPSRUWDQW RU LQIOXHQWLDO SHRSOH LQ WKH FRPSXWLQJ
ILHOG 6R QRZZKDW ZH KDYH LQ WKH OLVW DUH DFWXDOO\ WKH LPSRUWDQW SHRSOH RI
D ODUJHU QHWZRUN 7KHLU µLPSRUWDQFH¶ LV LPSRUWDQW DV LW DOORZV XV WR KDYH D




RI DOO WKH LQIRUPDWLRQ ZDV WKH $&0 $VVRFLDWLRQ IRU &RPSXWLQJ 0DFKLQHU\


ZHEVLWHZKLFK FRQWDLQV WKHSDSHUV WKDWZHKDG LQRXU OLVW DVZHOO DVDOO WKH
UHIHUHQFHVFLWHGE\ WKHVHSDSHUV7KH LQIRUPDWLRQ LQFOXGLQJ WKHSDSHU WLWOHV
DQGWKHWLWOHVDQGUHIHUHQFHLQIRUPDWLRQLVSUHVHQWHGRQWKHZHEDQGFDQEH







 /LVW RI DOO WKH UHIHUHQFHG SDSHUV DQG UHIHUHQFHG DXWKRUV RI WKH
LPSRUWDQWSDSHUV
$VPHQWLRQHG WKH OLVW RI DOO LPSRUWDQW SDSHUV ZDV DYDLODEOH IURP >@














WKH OLQNV IRU HDFK UHIHUHQFH LI H[LVWV DQG WKHQ JHW WKH DXWKRU LQIRUPDWLRQ
IRU WKH UHIHUHQFHGSDSHU7KLV LQIRUPDWLRQ LVVWRUHG LQD0\64/ WDEOHFDOOHG
FRQQHFWLRQV$WWKHHQGRIWKLVVWHSWKHGDWDLQWKHWDEOHFRQWDLQVGLUHFWLRQDO
OLQNVEHWZHHQDOOWKHQRGHVLQWKHQHWZRUN
7R FDOFXODWH WKH VFRUHV LQLWLDO VFRUH ZDV DOORWWHG WR HDFK LQLWLDO
LPSRUWDQW SDSHU 7KLV LQLWLDO 3HUVRQ 6FRUH ZDV VHW DW  IRU QR SDUWLFXODU
UHDVRQ 7KLV VFRUH ZRXOG EH GLYLGHG HTXDOO\ DPRQJVW WKH DXWKRUV RI WKH
SDSHU6R LI DSDSHUKDG WKUHHFRQWULEXWLQJDXWKRUVDVFRUHRIZRXOG
EHDOORWWHGWRHDFKLQGLYLGXDODXWKRU$Q\DXWKRUVWKDWDUHFRQQHFWHGWRWKHVH
DXWKRUVZRXOGEHDOORWWHGDVFRUHEDVHGRQIRUPXOD
7KHQH[WVWHS LV WRXVHWKHFRQQHFWLRQVOLQN LQIRUPDWLRQDQGWKH LQLWLDO





7KH SURFHVV LV WKDW ZH ORRS WKURXJK DOO WKH SURIHVVRU QRGHV WKDW
ZH KDYH LQ WKH GDWDEDVH DQG IRU HDFK QRGH ZH DUH ORRNLQJ XS WKH OLVW RI
QHLJKERUV IURP FRQQHFWLRQV WDEOH DORQJ ZLWK WKH &RXQW RI WKH QXPEHU RI


LQFRPLQJ OLQNV 7KH RXWJRLQJ OLQNV UHSUHVHQWV WKH µUHIHUUHG E\¶ UHODWLRQVKLS
EHWZHHQ QRGHV :H DUH RQO\ JRLQJ WKURXJK D VLQJOH GLUHFWLRQ RQ D OLQN DW
D WLPH EXW VLQFH ZH DUH JRLQJ WKURXJK DOO WKH SURIHVVRUV ZH DUH PDNLQJ



















$W WKH HQG RI WKH DERYH FRGH H[HFXWLRQ DOO RI WKH SURIHVVRUV LQ RXU
GDWDEDVHKDYHDOORWWHGVFRUHV WKDW LVEDVHGRQ WKHFXPXODWLYHVFRUHVRI WKH
QHLJKERUV 6RPH RI WKH LQLWLDO QRGHV WKDW ZHUH PDQXDOO\ DVVLJQHG VFRUHV
KDGELGLUHFWLRQDO OLQNVZLWKRWKHUQRGHV7KLVPHDQVWKDWDOWKRXJKWKH\ZHUH
FRQWULEXWLQJ VRPH VFRUH WR WKHLU QHLJKERUV GXH WR WKH UHFXUVLYH QDWXUH RI
WUDYHUVDO LQ WKH JUDSK VRPH RWKHU FRQQHFWHG QRGHV ZRXOG EH FRQWULEXWLQJ












7KH UHVXOWLQJ GDWD LV D VHW RI SURIHVVRUV WKHLU VFRUHV WKH QXPEHU
RI QRGHV WKH SURIHVVRU UHIHUV WR DQG WKH QXPEHU RI QRGHV WKDW UHIHU WKH
SURIHVVRU





7KH *URXS ILHOG LQ WKH GDWDVHW UHSUHVHQWV WKH LQLWLDO SDSHU IURP WKH
OLVW DW >@ $ JURXS RI ]HURPHDQV WKDW WKH DXWKRUZDV QRW SDUW RI WKH LQLWLDO
LPSRUWDQWSDSHUVOLVW6RWKHSURIHVVRURQWKHWRS*HRUJH5DGLQJHWVUHIHUUHG
E\ VHYHQ SDSHUV DQG GRHV QRW UHIHU DQ\RQH LQ RXU QHWZRUN LQ WKHLU RZQ
SDSHU$OOWKHDFFXPXODWHGVFRUHLVIURPRWKHURXWJRLQJOLQNV
,W VKRXOG EH QRWHG WKDW *HRUJH 5DGLQ LV D )HOORZ DW WKH ,%0







RI WKHQHWZRUN7KHVHQRGHVKDYH WKHKLJKHVWQXPEHURU UHIHUUDOVPHDQLQJ







7DEOH  VKRZV XV WKH PRVW UHIHUUHG DXWKRUV LQ WKH GDWD VHW 7KLV
LQIRUPDWLRQGRHVQRW UHSUHVHQWDQ\VLJQLILFDQW UHVXOW LQ WHUPVRI WKHQHWZRUN
VWUXFWXUH EXW WKHVH DXWKRUV FDQ EH FRQVLGHUHG DV LPSRUWDQW ILJXUHV LQ WKH


LQGXVWU\ DV WKH\ KDYH ZULWWHQ SDSHUV ZKLFK KDYH KHOSHG RQ LQIOXHQFHG WKH
PRVWSHRSOHLQWKHOLVW
1RZLIZHORRNDWWKHGDWDVHWVDERYHZLWKWKHDQDORJ\RIZHESDJHV
WDEOH  UHSUHVHQWV WKH SDJHV ZLWK WKH KLJKHVW 5DQN 7KHVH SDJHV ZRXOG
DSSHDUPRVWLQVHDUFKHQJLQHV7KLVLVEHFDXVHDOWKRXJKWKHSDJHLVOLQNHGWR
E\ UHODWLYHO\ IHZHU RWKHU SDJHV *HRUJH 5DGLQ KDV  YHUVXV .HQ .HQQHG\
KDV  UHIHUUHUV WKH TXDOLW\ RI WKH UHIHUUDOV IRU *HRUJH 5DGLQ LV JUHDWHU
EHFDXVHKLVSDSHUVKDVEHHQ UHIHUUHGE\PRUHSURPLQHQWVFLHQWLVWV LQ WKH
ILHOG 7KH VWUXFWXUH WKDW KDV HYROYHG IURP WKH DERYH GDWD VHW VKRZV
UHVHPEODQFHWRDVRFLDOQHWZRUNZKHUHZHFDQPHDVXUHWKHFHQWUDOLW\DQGWKH
SUHVWLJHRI WKHQRGHVEDVHGRQ WKHQXPEHURIRXWJRLQJDQG LQFRPLQJ OLQNV
8VHUVZKRKDYHD ODUJHQXPEHURIRXWJRLQJ OLQNVRUDUHUHIHUUHGE\RWKHUV
KDYHDKLJK3UHVWLJHYDOXHDVWKH\DUHWKHGDWDSURYLGHUVLQWKHQHWZRUNDQG
KDYH WKH SRZHU WR LQIOXHQFH WKH QHWZRUN WDEOH  8VHUV ZKR DUH GDWD
DFFXPXODWRUV DQG VLW LQ WKH QHWZRUN VXFK WKDW WKH\ FDQ JDWKHU GDWD IURP
LQFRPLQJ OLQNV KDYH D GRPLQDQW &HQWUDOLW\ PHDVXUH WDEOH  ,Q RXU QH[W


















7ZLWWHU LV RQH RI WKH ODUJHVW DQG SRSXODU VRFLDO QHWZRUNLQJ DQG
PLFUREORJJLQJ VLWHV WRGD\ >@ ,W KDV DERXW PRUH WKDQ  PLOOLRQ XVHUV
ZRUOGZLGHDVRI-XQH >@7ZLWWHUHQDEOHV LWVXVHUV WRVHQGDQGUHDG
PHVVDJHVFDOOHGWZHHWV7ZHHWVDUHWH[WEDVHGSRVWVRIXSWRFKDUDFWHUV
GLVSOD\HG RQ WKH XVHU
V SURILOH SDJH >@ 7ZHHWV DUH SXEOLFO\ YLVLEOH E\




 WZHHWV²WKLV LVNQRZQDV IROORZLQJDQG
VXEVFULEHUVDUHNQRZQDVIROORZHUV>@
7ZHHWV DUH PDGH XS RI  FKDUDFWHUV DQG FDQ KDYH VSHFLDO WDJV
RU LGHQWLILHUV WR LQGLFDWH RWKHU XVHUV UHSOLHV DQG WRSLFV RU NH\ZRUGV 7KH
FKDUDFWHUV µ57¶ DW WKH EHJLQQLQJ RI D WZHHW UHSUHVHQW WKDW WKLV LV D UHWZHHW
ZKLFK LVD WZHHWE\DQRWKHUXVHU IRUZDUGHG WR\RXE\VRPHRQH\RX IROORZ
RIWHQ XVHG WR VSUHDG QHZV RU VKDUH YDOXDEOH ILQGLQJV RQ 7ZLWWHU >@
5HWZHHWVFDQEHXVHG WR ILQGRXWKRZ IDUDFHUWDLQ WZHHWKDVVSUHDG LQ WKH
QHWZRUN
$ KDVKWDJ UHSUHVHQWHG E\ WKH  V\PERO EHIRUH D ZRUG PDUNV WKDW
ZRUG DV D NH\ZRUG LQ D WZHHW $ KDVKWDJ LV VLPLODU WR RWKHU ZHE WDJV LW
KHOSV DGG WZHHWV WR D FDWHJRU\ >@ +DVKWDJV DUH XVHG WR FDWHJRUL]H RU
RUJDQL]HWZHHWVDFFRUGLQJWRDNH\ZRUG7KHVHFDQUHSUHVHQWWRSLFVHYHQWV
FRPSDQLHVHWFDQGDUHDQHDV\ZD\WRVHDUFKIRUWZHHWVRQWKHV\VWHP
/LVWV DUH XVH WR RUJDQL]H SHRSOH \RX IROORZ LQWR JURXSV RU OLVWV $
SHUVRQ FDQ RQO\ DGG XVHUV KHVKH IROORZV WR D OLVW 3HRSOH DUH DOVR DEOH WR
VXEVFULEH WR OLVWV 7KLV QRWLILHV WKHP ZKHQHYHU D QHZ PHPEHU KDV EHHQ
DGGHG WR WKH OLVW E\ WKH FUHDWRU 6XEVFULEHUV FDQ EH XVHG WR ILQG RXW KRZ
LPSRUWDQWDOLVWLV






WR WKHLU IROORZHUV ,I DQ DFFRXQW LV SXEOLF WKH WZHHW LV EURDGFDVW WR DOO WKH
IROORZHUV DQG LV DOVR DYDLODEOH LQ VHDUFK UHVXOWV IRU WKH HQWLUH 7ZLWWHU XVHU
EDVH 5LJKW QRZ 7ZLWWHU GRHV QRW KDYH DQ\ ZD\ WR LGHQWLI\ XVHU JURXS











$V EHIRUH WR FDOFXODWH WKH 3HUVRQ 6FRUH ZH JR WR HDFK XVHU DQG
FKHFNDOO WKHRXWJRLQJ OLQNV IURPWKDWXVHU ,Q7ZLWWHUVHQVH WKLVPHDQVWKDW
ZHKDYHWRFKHFNDQGJHWDFXPXODWLYHVFRUHIURPDOOWKHXVHUVWKDWIROORZWKH
SDUWLFXODUXVHU LQTXHVWLRQ7KLV LVEHFDXVH WKHRXWJRLQJ OLQN UHSUHVHQWV WKH
GDWDIORZIURPWKHXVHUDQGGDWDFDQRQO\IORZWR\RXUIROORZHUVRU\RXFDQ
UHFHLYHWZHHWVIURPSHRSOH\RXIROORZ
7RFDOFXODWH WKHVFRUH IRU WKHZKROHQHWZRUNZHQHHGVWDUWLQJQRGHV
IURPZKHUH WKHVFRUHFDOFXODWLRQFRXOGVWDUW7KLV LV WKHVDPHSURFHGXUHDV
XVHGLQWKHSURIHVVRUV¶VFRUHFDOFXODWLRQ7KHVWDUWLQJGDWDLQWKLVFDVHLVWKH
OLVW RI WRS 7ZLWWHU XVHUV 7KH XVHUV DUH UDQNHG DFFRUGLQJ WR KRZ PDQ\
IROORZHUV WKH\ KDYH 7KLV OLVW LV DYDLODEOH IURP 7ZLWDKROLF >@ 7KH WRS 




QDPHV RI SHRSOH EHLQJ IROORZHG LV DYDLODEOH ZLWKRXW DQ\ DXWKHQWLFDWLRQ
+RZHYHU 7ZLWWHU XVHV D WKURWWOLQJPHFKDQLVPZKHUH WKH\ RQO\ SURYLGH 
UHFRUGVSHUSDJHDQGRQO\SDJHVSHUKRXU7KLVLVOLPLWLQJDVLWGRHVQRW






































2QFH WKH GDWD RI DOO WKH XVHUV IROORZHG E\ RXU WRS  XVHUV ZDV
FROOHFWHGDOO WKHFRQQHFWLRQVEHWZHHQWKHXVHUVZHUHUHFRUGHG)RUHDFKRI
WKH WRSXVHUZHKDYHDVHSDUDWH ILHOG LQ WKHGDWDEDVH WKDW LVXVHG WRVWRUH
WKDWXVHU¶VFRQQHFWLRQLQIRUPDWLRQZLWKHDFKURZLQWKHIRUPRIDRUYDOXH
7KLV DUUDQJHPHQW DOORZV XV WR VHH ZKLFK RI WKH WRS XVHUV D SDUWLFXODU URZ



























1RWH 7KH IROORZHGBE\ ILHOG KROGV WKH FRXQW RI WKH QXPEHU RI FRQQHFWLRQV







XVHUVKDYHZLWKQHLJKERUV$FFRUGLQJ WRRXUGDWDVHW WKHXVHU2SUDK LV WKH







LV RQ WKH WRS RI WKH OLVW KHUH $OWKRXJK LW DOVR KDV  RXWJRLQJ OLQNV WKH
VHW RI FRQQHFWLRQV WKDW LW KDV FRQWULEXWH D ODUJHU VFRUH WR LW WKDQ WR2SUDK
ZKLFK DSSHDUV LQ WKH ERWWRP VHFWLRQ RI WKH OLVW 7KLVPHDQV WKDW WKH VHW RI
FRQQHFWLRQV RI 7KH(OOHQ6KRZ LV PRUH LQIOXHQWLDO $QG VLQFH 7KH(OOHQ6KRZ
VHQGVRXWGDWDWRWKHVHXVHUVDQGLQIOXHQFHVWKHPLWKDVWKHKLJKHVWVFRUH


































LQRXUGDWDVHW$QGEHFDXVH LWKDVRXWZDUGFRQQHFWLRQV WRDERXWKDOIRI WKH
WRS XVHUV DQ\ WZHHW E\ 7KH(OOHQ6KRZ KDV D JUHDWHU FKDQFH RI UHDFKLQJ D
ZLGHU DXGLHQFHEHFDXVH LI WKH FRPELQHGXVHU EDVHRI WKH IROORZHUV LV TXLWH
ODUJH7KHFRPELQHGQXPEHURI IROORZHUVRI WRS IROORZHUV IRU7KH(OOHQ6KRZ
LV  EXW WKLV LQFOXGHV UHGXQGDQW XVHUV 7KLV LV DQ LQGLFDWLRQ WKDW
7KH(OOHQ6KRZ LVDOVR WKHPRVW LQIOXHQWLDOXVHU LQ WKHJURXS ,Q WKLVDQDO\VLV
ZHDUHRQO\FRQVLGHULQJWKHFRQQHFWLRQVWKDWDXVHUKDVWRJHWLWVLPSRUWDQFH
$ SUREOHP ZLWK WKLV DSSURDFK LV WKDW ZH DUH QRW UHDOO\ ORRNLQJ DW WKH
LQWHUDFWLRQVRIWKHXVHUZLWKLWVIROORZHUVWRVHHZKDWNLQGRILQIOXHQFHWKHXVHU
KDV$QXPHULFDOVFRUHFDQWHOOXVZKLFKXVHUKDVDKLJKHUSUHVWLJHEXW WKH









)URP WKH UHVXOWV RI WKH DERYH H[SHULPHQW LW LV FOHDU WKDW D VLPSOH
VFRULQJVFKHPHLVQRWHQRXJKWRH[SODLQRUUHSUHVHQWDXVHU¶V LPSRUWDQFHLQ
DVRFLDOQHWZRUN7RDGGPRUHPHDQLQJWRWKHVFRUHZHQHHGWRLQWURGXFHD
QHZFRQFHSWFDOOHG ,QIOXHQFH5HDFK LQ WKHQHWZRUN ,QIOXHQFH UHDFK LVXVHG




WR WKH SHUVRQ LQ WKDW SDUWLFXODU VRFLDO QHWZRUN 7KLV FRQFHSW LV VLPLODU WR
WKH ,QWHUDFWLRQ 6FRUH GLVFXVVHG HDUOLHU:H DSSO\ LW WR 7ZLWWHU DQG XVH WKH
LQWHUDFWLRQVJLYHQLQWKHSUHYLRXVWRSLFVWRSUHVHQWDQHZPHWKRGWRGHWHUPLQH
WKH LPSRUWDQFHRIDSHUVRQ¶VSRVLWLRQ LQDVRFLDOQHWZRUN ,Q WKLVPHWKRGZH







$SDUW IURP WKHVH LQWHUDFWLRQV WKH QXPEHU RI IULHQGV DQG IROORZHUV


DQGWKHVXEVFULEHUVRI WKH OLVWVDXVHU LVDSDUWRIFDQEHPHDVXUHGDQGZLOO
EHXVHGLQWKHFDOFXODWLRQRIDSHUVRQ¶V,QIOXHQFH5HDFK1H[WZHDUHJRLQJ





7R JHW WKH LQIRUPDWLRQ IURP WKH 7ZLWWHU GDWDEDVH ZH KDYH WR XVH
7ZLWWHU¶V GHYHORSHUV¶ $3, >@ 7KLV $3, SURYLGHV YDULRXV PHWKRGV IRU






>@ 2$XWK SURYLGHV D PHWKRG IRU FOLHQWV WR DFFHVV VHUYHU UHVRXUFHV RQ  
EHKDOI RI D UHVRXUFH RZQHU VXFK DV D GLIIHUHQW FOLHQW RU DQ HQGXVHU  ,W
DOVR SURYLGHV D SURFHVV IRU HQGXVHUV WR DXWKRUL]H WKLUGSDUW\ DFFHVV WR
WKHLU VHUYHU UHVRXUFHV ZLWKRXW VKDULQJ WKHLU FUHGHQWLDOV >@ 7KLV DOORZV D
7ZLWWHUXVHU WR ORJ LQWRRXUDSSOLFDWLRQDQGJLYH WKHDSSOLFDWLRQ WKH UHTXLUHG
SHUPLVVLRQVWRJHWWKHXVHU¶VGDWDIURP7ZLWWHU
7KHDERYHDXWKHQWLFDWLRQSURFHVVLVDFWXDOO\DOLPLWDWLRQDVLWGRHVQRW






























 $IWHU WKH XVHU LV DXWKHQWLFDWHG E\ 7ZLWWHU WKH DSSOLFDWLRQ UHFHLYHV
DQ DFFHVV WRNHQ ZKLFK LW XVHV WR DFW RQ EHKDOI RI WKH XVHU ZKHQ











































 $OO WKH QRQDXWKHQWLFDWHG XVHUV IULHQGV ZKLFK DUH SDUW RI WKH
DXWKHQWLFDWHGXVHU¶V GDWD PHQWLRQV OLVWV GLUHFWPHVVDJHV UHWZHHWV
DUHVWRUHGLQWKHGDWDEDVHDQGWKHLUIROORZHUVIULHQGVOLVWVDQGVWDWXV
LQIRUPDWLRQ LV UHWULHYHG 1RWH WKDW WKLV LV WKH RQO\ XVHIXO LQIRUPDWLRQ
WKDWZHFDQJHW IRUQRQDXWKHQWLFDWHGXVHUV7KLVGDWD LVVWRUH LQ WKH
GDWDEDVHDJDLQVWWKHDXWKHQWLFDWHGXVHU$OVRWKHLQWHUDFWLRQW\SHWKDW





 7KHSUHOLPLQDU\ VFRUH IRU WKH IULHQGV LV FDOFXODWHGEDVHGRQ WKHGDWD
DYDLODEOH$VZLWKWKH,QWHUDFWLRQ6FRUHHDFKGDWDYDULDEOHLVDVVLJQHG
DQ LPSRUWDQFH7KLV LPSRUWDQFH LVJLYHQDV'+'0'/+ UHSUHVHQWV





7KH YDOXHV RI WKHVH GHSHQG RQ KRZ PXFK LPSRUWDQFH ZH ZDQW WR
DVVLJQWRWKHGLIIHUHQWGDWDYDULDEOHXVHGLQFDOFXODWLQJWKHVFRUH7KH
GDWDYDULDEOHVIRUWKHQRQDXWKHQWLFDWHGXVHUVZHKDYHDUH





WKDQ WKH\ DUH IROORZLQJ WKH\¶UH SUREDEO\ D JRRG SHUVRQ WR DW
OHDVW FRQVLGHU IROORZLQJ ,I WKH\ DUH IROORZLQJ PRUH WKDQ WKH\
KDYHPRUH IROORZHUV WKHRSSRVLWHPD\EH WUXH >@>@7KLV LV
JLYHQKLJKLPSRUWDQFH'+
F 7KHQXPEHURIOLVWVWKHXVHULVRQ±OLVWVDUHLPSRUWDQWEHFDXVH
LW PDNHV LW HDVLHU IRU RWKHU XVHUV WR ILQG XVHUV RI LQWHUHVW WR
IROORZ7KHPRUH OLVWVDSHUVRQ LVDSDUWRI WKHPRUH OLNHO\KH
VKH LV WRDSSHDU LQ VHDUFK UHVXOWVDQGVXJJHVWLRQ OLVWV7KLV LV
JLYHQPHGLXPLPSRUWDQFH'0
G 7KHQXPEHURIVWDWXVHVRU WZHHWV WKHXVHUKDV LQ WKHV\VWHP
$KLJKHUQXPEHU UHSUHVHQWV WKDW WKHXVHUKDVEHHQDFWLYHEXW
LW FDQ DOVR PHDQ WKDW WKH SHUVRQ KDV VHQW RXW D ORW RI VSDP











UHWZHHWHGDWZHHW WKHUDWLRRI WKHXVHU¶V WZHHW WR WKHWRWDO WZHHWV
LV FDOFXODWHG 7KLV LV PXOWLSOLHG E\ WKH WRWDO VFRUH RI WKDW XVHU
7KH WRWDO IRU DOO WKH IROORZHUVJLYHVXV WKHDFFXPXODWHG VFRUH IRU
UHWZHHWV ,GHDOO\ IRU D IROORZHUZHZRXOG OLNH WR XVH WKH UDWLR RI
WKHWRWDOUHWZHHWVWRWKHXVHU¶VUHWZHHWVEXWWKLVLQIRUPDWLRQLVQRW
DYDLODEOH
E 0HQWLRQV DUH DOVR FDOFXODWHG 7KHVH DUH FDOFXODWHG WKH VDPH
ZD\ DV UHWZHHWV EHFDXVHPHQWLRQV DUH DOVR WZHHWV D PHQWLRQ
WZHHW ZRXOG KDYH WKH QDPH RI WKH XVHU EHLQJ PHQWLRQHG MXVW
OLNHD UHWZHHW7KHGLIIHUHQFH LV WKDW LQ WZHHWZLWKDPHQWLRQ WKH
WZHHWHU ZDQWV WR GUDZ DWWHQWLRQ WR WKH SHUVRQ EHLQJ PHQWLRQHG
PHDQLQJ WKDW WKHQDPHRI WKHPHQWLRQHGXVHU LV EURDGFDVW WRDOO
WKH IROORZHUV 7ZLWWHU KDV D VSHFLDO PHQX WR VKRZ DOO WKH XVHU¶V
PHQWLRQV7KLVJHWVDKLJKHULPSRUWDQFHWKDQUHWZHHWV
F $VPHQWLRQHGLQFOLVWVDUHDQLPSRUWDQWIHDWXUHIRUXVHUVWRJHW










 2QFH ZH KDYH DOO WKH VFRUHV RI WKH IULHQGV WKH ,QIOXHQFH 5HDFK LV
FDOFXODWHGIRUWKHDXWKHQWLFDWHGXVHU7KLVLVWKHVXPRIWKHXVHU¶VSUH
VFRUHDQGVFDOHG OLVWVPHQWLRQVUHWZHHWVDQGGLUHFWPHVVDJHVVFRUH





WKHSUHVFRUHRI WKHIULHQGVG\QDPLFDOO\ IURP7ZLWWHU ,IDIULHQG ORJV LQWRWKH
DSSDQHZVFRUHZRXOGEHFDOFXODWHGIRUWKHPDQGWKLVQHZVFRUHZRXOGEH
XVHGIRUIXUWKHUIRUFDOFXODWLRQRIRWKHUXVHU¶VVFRUHV:HPLJKWUXQLQWRF\FOHV





7KHUHVXOWREWDLQHGIURPWKHDERYHDSSOLFDWLRQ LV WKHSUHVFRUHRI WKH
DXWKHQWLFDWHGXVHUEDVHGRQRQO\WKHQXPEHURIIULHQGVQXPEHURIIROORZHUV
WKH QXPEHU RI OLVWV DQG WKH QXPEHU RI WZHHWV LQ WKH V\VWHP SOXV WKH


























7KH WDEOH VKRZV WKDW IRU WKLV SDUWLFXODU XVHU WKH VFRUH SUHVFRUH




7KH ILQDO VFRUH LV WKH RQH WKDW FDQ EH XVHG WR FRPSDUH WKLV XVHU
ZLWKRWKHUXVHUV LQ WKHQHWZRUN$KLJKHUVFRUHPHDQVWKDW WKHXVHU LVPRUH
LQIOXHQWLDO LQWKHQHWZRUNDQGWKDW LWKROGVDJRRGSRVLWLRQDVIDUDVLWVDELOLW\
WR UHDFK RWKHU SHRSOH LV FRQFHUQHG$Q H[DPSOH RIZKHUH VXFK LQIRUPDWLRQ
FDQ EH XVHG LV IRU VRFLDO PDUNHWLQJ $ FRPSDQ\ ZLVKHV WR WZHHW DERXW LWV
SURGXFWVDQGXVHV IDPRXV7ZLWWHU XVHUV WR GHOLYHU WKH WZHHWV8VLQJ WKH ,5






,I ZH ORRN DW WKH GDWD ZH¶YH FROOHFWHG ZH FDQ VHH WKDW WKH GDWD
UHSUHVHQWVWKHLQWHUDFWLRQVWKDWXVHUVKDYHZKLFKHDFKRWKHU)RUHDFKSDLURI
XVHUZHNQRZWKHOHYHORUGHJUHHRILQWHUDFWLRQ,IZHORRNDWWKHLQWHUDFWLRQV
DV OLQNVEHWZHHQQRGHVRIDJUDSK WKH UHVXOWLQJGDWDEDVH WKDWZHKDYHZLOO
EHWKHUHODWLRQDOUHSUHVHQWDWLRQRIWKHQHWZRUN%HLQJRIUHODWLRQDOQDWXUHWKLV
GDWDFDQEHXVHGIRUGDWDPLQLQJDQGDQDO\VLV
$V &ROOLQV  SDJH  WHOOV XV ³6RFLDO OLIH LV UHODWLRQDO LW¶V
RQO\ EHFDXVH VD\ EODFNV DQGZKLWHV RFFXS\ SDUWLFXODU NLQGV RI SDWWHUQV LQ
QHWZRUNVLQUHODWLRQWRHDFKRWKHUWKDWµUDFH¶EHFRPHVDQLPSRUWDQWYDULDEOH´
7KH GDWD LV RUJDQL]HG LQ VXFK D ZD\ WKDW WKH UHODWLRQVKLSV RU


LQWHUDFWLRQV LQ 7ZLWWHU DUH XVHG WR OLQN JURXS RI WZR XVHUV WRJHWKHU 7KLV
JURXS UHSUHVHQWV D VHW ZKLFK LV EDVHG DURXQG WKH LQWHUDFWLRQV $OO VLPLODU
JURXSV FDQ EH IRXQG XVLQJ WKH LQIRUPDWLRQ RI WKH DWWULEXWHV DQG WKHVH DUH
FDOOHGHTXLYDOHQFHFODVVHVRIWKHJURXS
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&5($7(7$%/(CSURIHVVRUC
CSURIBLGCLQW12718//DXWRBLQFUHPHQW
CSURIBQDPHCYDUFKDUGHIDXOW18//
CSURIBVFRUHCIORDWGHIDXOW18//
CJURXSCLQWXQVLJQHG12718//
CUHIHUVCLQWXQVLJQHG12718//
CUHIHUUHGBE\CLQWXQVLJQHG12718//
CVFRUHCIORDW12718//
35,0$5<.(<CSURIBLGC


&5($7(7$%/(CFRQQHFWLRQVC
CSURIBLGCLQWGHIDXOW18//
CUHIBWRBLGCLQWGHIDXOW18//



E 7ZLWWHUXVHUGDWDEDVH

&5($7(7$%/(CIULHQGVC
CWZLWWHUBLGCELJLQWXQVLJQHG12718//GHIDXOW


CVFUHHQBQDPHCYDUFKDU12718//
CVFRUHCIORDW12718//GHIDXOW


CNORXWBVFRUHCIORDW12718//GHIDXOW


CIULHQGVCLQWXQVLJQHG12718//GHIDXOW


CIROORZHUVCLQWXQVLJQHG12718//GHIDXOW


CIULHQGVBRICLQWXQVLJQHG12718//GHIDXOW


CODG\JDJDCVPDOOLQWXQVLJQHG12718//GHIDXOW


CEULWQH\VSHDUVCVPDOOLQWXQVLJQHG12718//GHIDXOW


CDSOXVNCVPDOOLQWXQVLJQHG12718//GHIDXOW


CODQFHDUPVWURQJCVPDOOLQWXQVLJQHG12718//GHIDXOW


C7KH(OOHQ6KRZCVPDOOLQWXQVLJQHG12718//GHIDXOW


C.LP.DUGDVKLDQCVPDOOLQWXQVLJQHG12718//GHIDXOW


CWD\ORUVZLIWCVPDOOLQWXQVLJQHG12718//GHIDXOW


C2SUDKCVPDOOLQWXQVLJQHG12718//GHIDXOW


CDVKOH\WLVGDOHCVPDOOLQWXQVLJQHG12718//GHIDXOW




C5\DQ6HDFUHVWCVPDOOLQWXQVLJQHG12718//GHIDXOW


CMXVWLQELHEHUCVPDOOLQWXQVLJQHG12718//GHIDXOW


CNDW\SHUU\CVPDOOLQWXQVLJQHG12718//GHIDXOW


CWZLWWHUCVPDOOLQWXQVLJQHG12718//GHIDXOW


CVKDNLUDCVPDOOLQWXQVLJQHG12718//GHIDXOW


CFHQWCVPDOOLQWXQVLJQHG12718//GHIDXOW


CFQQEUNCVPDOOLQWXQVLJQHG12718//GHIDXOW


CMWLPEHUODNHCVPDOOLQWXQVLJQHG12718//GHIDXOW


C0DULDK&DUH\CVPDOOLQWXQVLJQHG12718//GHIDXOW


CVHOHQDJRPH]CVPDOOLQWXQVLJQHG12718//GHIDXOW


C7+(B5($/B6+$4CVPDOOLQWXQVLJQHG12718//GHIDXOW


CFROGSOD\CVPDOOLQWXQVLJQHG12718//GHIDXOW


CWZLWWHUBHVCVPDOOLQWXQVLJQHG12718//GHIDXOW


CPUVNXWFKHUCVPDOOLQWXQVLJQHG12718//GHIDXOW


C3DULV+LOWRQCVPDOOLQWXQVLJQHG12718//GHIDXOW


CLDPGLGG\CVPDOOLQWXQVLJQHG12718//GHIDXOW


CMLPP\IDOORQCVPDOOLQWXQVLJQHG12718//GHIDXOW


CFKHOVHDKDQGOHUCVPDOOLQWXQVLJQHG12718//GHIDXOW


CQ\WLPHVCVPDOOLQWXQVLJQHG12718//GHIDXOW


CDOLFLDNH\VCVPDOOLQWXQVLJQHG12718//GHIDXOW


C3HUH]+LOWRQCVPDOOLQWXQVLJQHG12718//GHIDXOW


35,0$5<.(<86,1*%75((CWZLWWHUBLGC
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
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CVFRUHC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F 7ZLWWHUDSSOLFDWLRQ

&5($7(7$%/(CWZLWWHUCCGLUHFWBPHVVDJHVC
CGPBLGCELJLQWXQVLJQHG12718//GHIDXOW


CXVHUBLGCELJLQWXQVLJQHG12718//GHIDXOW


CVHQGHUBLGCELJLQWXQVLJQHG12718//GHIDXOW


CWH[WCWH[W12718//
CUHFLSLHQWBVFUHHQBQDPHCYDUFKDU12718//
CVHQGHUBVFUHHQBQDPHCYDUFKDU12718//
35,0$5<.(<86,1*%75((CGPBLGCCXVHUBLGC


&5($7(7$%/(CWZLWWHUCCOLVWBPHPEHUVC
CLGCELJLQWXQVLJQHG12718//DXWRBLQFUHPHQW
COLVWBLGCELJLQWXQVLJQHG12718//
CVFUHHQBQDPHCYDUFKDU12718//
CIULHQGVCLQWXQVLJQHG12718//
CIROORZHUVCLQWXQVLJQHG12718//


COLVWVCLQWXQVLJQHG12718//
CVWDWXVHVCLQWXQVLJQHG12718//
CUDWLRCIORDW12718//
CVFRUHCIORDW12718//
35,0$5<.(<CLGC


&5($7(7$%/(CWZLWWHUCCOLVWVC
COLVWBLGCELJLQWXQVLJQHG12718//GHIDXOW


CQDPHCYDUFKDU12718//
CVOXJCYDUFKDU12718//
COLVWBRZQHUBLGCELJLQWXQVLJQHG12718//GHIDXOW


COLVWBRZQHUBQDPHCYDUFKDU12718//
CXVHUBLGCELJLQWXQVLJQHG12718//GHIDXOW


CPHPEHUBFRXQWCLQWXQVLJQHG12718//
CVXEVFULEHUBFRXQWCLQWXQVLJQHG12718//
35,0$5<.(<86,1*%75((COLVWBLGCCXVHUBLGC


&5($7(7$%/(CWZLWWHUCCPHQWLRQVC
CWZHHWBLGCELJLQWXQVLJQHG12718//DXWRBLQFUHPHQW
CXVHUBLGCELJLQWXQVLJQHG12718//
CWZHHWHGBE\BLGCELJLQWXQVLJQHG12718//
CWH[WCWH[W12718//
35,0$5<.(<86,1*%75((CWZHHWBLGCCXVHUBLGC


&5($7(7$%/(CWZLWWHUCCUWC
CLGCLQWXQVLJQHG12718//DXWRBLQFUHPHQW
CWZHHWHUBLGCELJLQWXQVLJQHG12718//GHIDXOW


CXVHUBLGCELJLQWXQVLJQHG12718//
CQDPHCYDUFKDU12718//
CWH[WCWH[W12718//
CKDVKCYDUFKDU12718//GHIDXOW


35,0$5<.(<86,1*%75((CLGCCXVHUBLGC


&5($7(7$%/(CWZLWWHUCCXVHUBVFRUHVC
CLGCELJLQWXQVLJQHG12718//DXWRBLQFUHPHQW
CVFUHHQBQDPHCYDUFKDU12718//
CXVHUBLGCELJLQWXQVLJQHG12718//GHIDXOW


CIULHQGVCLQWXQVLJQHG12718//
CIROORZHUVCLQWXQVLJQHG12718//
COLVWVCLQWXQVLJQHG12718//
CVWDWXVHVCLQWXQVLJQHG12718//


CUDWLRCIORDW12718//
CVFRUHCLQWXQVLJQHG12718//
CPHQWLRQCLQWXQVLJQHG12718//
CGPCLQWXQVLJQHG12718//
COLVWCLQWXQVLJQHG12718//
CUWCLQWXQVLJQHG12718//
CPDLQCLQWXQVLJQHG12718//GHIDXOW


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
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